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INTRODUCTION
The United States Marine Corps uses maneuver warfare as a 
basic doctrinal concept to fight its battles.  Maneuver warfare 
demands the ability to avoid the enemy’s strengths and 
attack his weaknesses in ways that are advantageous to the 
overall strategy.  This overarching concept has heavily 
influenced the development of the Marine Air Ground Task 
Force (MAGTF)—a size-scalable, combined-arms, multi-
mission-capable force used across the spectrum of conflict. 
The Marine Corps is continually developing tactics, 
techniques, procedures, and technologies that seek to 
increase the efficiency and lethality of the MAGTF.  In this 
spirit, the Marine Corps Warfighting Laboratory (MCWL), 
whose “purpose is to improve current and future naval 
expeditionary warfare capabilities” (MCWL Website), is 
currently exploring the viability of a concept called 
Enhanced Company Operations (ECO).  
In August 2008, the Commandant of the Marine Corps, 
General James Conway, signed a white paper entitled, “A 
Concept for Enhanced Company Operations,” which states:
Enhanced Company Operations describes an approach to the 
operational art that maximizes the tactical flexibility offered by true 
decentralized mission accomplishment, consistent with commander's 
intent and facilitated by improved command and control, 
intelligence, logistics, and fires  capabilities.  Enhanced Company 
Operations will be reliant on increased access to, and organic control 
of, functional support, as well as excellence at the individual, squad, 
and platoon levels.  As such, it builds on the  results of  Distributed 
Operations experimentation and capability development to provide 
battalion commanders the critical  link between operational planning 
and squad level tactical execution.
ECO involves reorganizing and augmenting the 
traditional rifle company in a manner that contributes to 
“enhanced” C2, intelligence, logistics, and fires capabilities. 
This process not only involves personnel changes, but also 
specific training and technological improvements.  The end 
state is to develop the company’s ability to become the base 
maneuver element of the MAGTF, a role traditionally held by 
the infantry battalion.  Changes include the incorporation of a 
company-level operations center, a company-level 
intelligence capability, enhanced fire support coordination, 
and personnel specifically tasked to focus on logistics. 
This team participated in an ongoing Naval Postgraduate 
School thesis project to explore the logistical impact of a 
deployed enhanced company on a Marine Expeditionary 
Unit’s (MEU) supporting assets.  At the start of the workshop, 
the team had the following goals:
1. Assess and refine a simulation model developed using 
Map-Aware Non-uniform Automata (MANA) to 
evaluate the logistical impact of Marine Corps Enhanced 
Company Operations on a Marine Expeditionary Unit.
2. Determine appropriate variables and ranges to 
incorporate into an experimental design.
The MANA model referred to above is based on a 
realistic Africa-based scenario that allows enemy agents to 
influence the logistical demand of the supported company. 
Description of Scenario
This study uses a scenario developed by MCWL and used 
during the ECO Fires Conference of 21-23 April 2009, which 
provides a realistic operational environment with which to 
test the ECO concept.  The fictional scenario takes place on 
the African continent in the border area between Burundi 
and the Democratic Republic of the Congo.  In the notional 
orders describing the scenario, MCWL changed the names of 
the countries to prevent others from mistaking them for real-
world events.
The United States has a supportive relationship with the 
government of Bunduri, a  relatively stable democracy in East 
Africa.  The U.S. has a neutral relationship with the 
government of Razie, which is led by a corrupt president who 
has used various nefarious means to stay in power for many 
years.  Within Razie, there is a government opposition 
movement called the Movement for Democratic Change 
(MDC).  In the latest elections, the leader of the MDC won the 
popular vote, but the sitting president refused to recognize the 
election results.  As a result of internal and international 
pressures, the two parties reached a  power-sharing agreement 
with the president remaining in place and the winner of the 
elections serving as prime minister.  
After a failed assassination attempt on the prime 
minister, in which the president’s followers were implicated, 
the president dissolved the national government and 
instituted martial law.  The prime minister fled to the east of 
Razie with his MDC followers.  The MDC’s military arm, the 
Manicaland Peoples Force (MPF), rebelled and took control 
over Manica Province in Eastern Razie.  The former prime 
minister announced the formation of the independent state of 
Manicaland and declared war against Razie.  Additionally, he 
declared Manica tribal lands within Bunduri as a part of 
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Manicaland, and the MPF crossed into western Bunduri.  The 
contested area is shown in Figure 1.
Figure 1: Scenario Area of Operations
The simulation attempts to model ECO-capable Alpha 
Company. MPF forces have been kicked out of Alpha 
Company’s area of operations (AO), but they continue to 
make incursions across the border to influence the local 
populace and to harass friendly forces.  Since Alpha 
Company is the main effort, they have the luxury of receiving 
the priority of support from the MEU’s assets.
The MANA Model
This team began the conference with an initial model 
representing Alpha company’s AO already built in MANA 
version 5.  A screen shot is shown in Figure 2.
Figure 2: Screen shot of initial MANA model
The model background is a topographical map of the 
scenario area.  The red agents start on the Razie side of the 
boarder (denoted by the blue river) and will attempt to make 
it to the right most side of the play board.  Alpha Company 
has three established platoon positions within their AO.  At 
each position, two squads run patrols, and one squad remains 
for security.  There is also a 60mm mortar team at each platoon 
position.  As the model runs, the patrolling blue agents will 
interdict the red agents when they come into sensor and 
weapons ranges.
WORKSHOP RESULTS
The team spent the first day of the workshop familiarizing 
themselves with ECO, the scenario, and MANA.  
The team spent the second day attempting to incorporate 
the scenario logistical aspects into MANA.  Our original idea 
was to have a  supply “tank” at each platoon position that 
would hold two days of supply units for each blue agent at 
that position.  Each agent starts with one day of supply, and 
returns to the patrol base for a resupply when its tank is 
empty, so each agent has a  total of three days of supply 
available at the start of the scenario.  When the patrol base 
tank is depleted, a resupply agent, the MEU helicopter, flies to 
the tank and replenishes the supply units.  We attempted to 
model this behavior using MANA’s fuel parameter and auto-
refueller agents. 
 Our initial attempt at implementing this scenario had the 
agents transition from their default state to a “fuel out” state 
when their resources were depleted, and then to a “refuel by 
friend” state when they come into contact with the resupply 
tank.  But this process did not give the desired behavior, 
because as each squad entered the “fuel out” state, some of 
the agents would immediately transition into the “refuel by 
friend” state due to their close proximity to other friendly 
agents in the squad.  Some agents transferred back to their 
default state without receiving any fuel, which then 
continued to decrement their fuel parameter below zero, 
causing the agent to never enter the “fuel out” state again. 
Many different combinations of triggers and trigger states 
were attempted in order to get this refueling scenario to work, 
but no combination produced the desired result. 
The team spent day three trying to create the desired 
logistical behavior.  This time, instead of using MANA’s 
refueling states, we relied on the different sensor and weapon 
parameters to trigger when an agent could refuel itself by 
using a negative fuel consumption rate.  For instance, an 
agent starts patrolling with one day of supply units.  Once 
those units are depleted, that agent changes to a state that is 
visible to the resupply tank’s sensor and returns to the base. 
When the agent returns to the base, and comes within the 
resupply tank’s weapon’s range, it is shot by the tank.  The 
agent switches into the “shot at” state, refuels itself, and then 
continues on its mission.  When the tank has fired all  of its 
ammunition, which is used to represent the tank’s supply 
capacity, it changes states into one visible by the resupply 
agent (the MEU helicopter), is shot at by the resupply agent, 
and reverts back into the default state with a full load of 
ammunition (i.e. supplies).  
While this algorithm worked in a simplified model,the 
desired result could not be achieved with a more complicated 
scenario.  Our conclusion was that model limitations in the 
version of MANA used at the workshop made it unsuitable 
for this particular study.  But after the workshop, Capt 
Hinkson contacted one of the MANA developers, Mark 
Anderson, who explained that MANA uses a random draw to 
determine which agent gets to have its turn first.  MANA also 
did not implement trigger state changes in the same time step 
in which they occurred, which explained the behavior we 
observed.  Mr. Anderson provided Capt Hinkson with an 
updated version of MANA 5 that included instantaneous 
state changes.  The model now appears to be working as 
desired and this version was used in further work to 
complete Capt Hinkson’s thesis research.  
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